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ABSTRACT 

The study concerned (1) identifying component 
processes of discovery and rule learning; (2) describing differences 
in learning outcomes produced by the two instructional methods, and; 
(3) optimizing learning. It was believed that understanding the 
effects of aptitude, instructional methods, and their interaction is 
important in the study of learning and problem solving. Two 
experiments were performed to investigate the effects of aptitude and 
instructional methods on learning concepts of probability. The two 
methods were learning by discovery and learning by rule versions of 
programmed instruction. Results supported the hypothesis that the 
outcome of discovery is the structural integration .of previously 
known concepts, while the outcome of rule learning is the addition, 
subject scoring low on tests of relevant abilities performed better 
by every measure when instructed by the rule method. The data 
indicates that the result of learning by discovery is a well 
integrated cognitive structure because subjects can solve problems 
that require relating principles previously learned* (BW) 
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Acquiring Cognitive Structure by Siscovery and Rule '.earning 

•» « 

Dennis E. Egan and James G, Greeno 
The University of Michigan 
Abstract 

loe study concerned (3.) identifying component processes of 
discovery and rule learning; (2) describing differences in learning 
outcomes produced by the two instructional methods; and (3) optimising 
learning. In -two experiments subjects acquired concepts of probability 
by discovery or rule versions of programmed instruction. Descriptions 
of learning by discovery and rule were based on reliable aptitude** 
treatment interactions involving several problem solving skills. 

Results also supported the hypothesis that the outcome of -discovery 
is the structural integration of previously known concepts, while the 
outcome of rule learning is the addition of nev; structure. Finally, 
.subjects scoring low on tests of relevant abilities performed batter 
by every measure when instructed by the rule method. 
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Acquiring Cognitive Structure by Discovery and Rule Learning’'’ 

% • » 

Denrin E . Span and James 5 , Green o 
?he University of Michigan 

Understanding the. offsets of aptitude, instructional method,, and 
tne A r interaction (the aptitude-treatment interaction or ATI) is 
important in the study of Xeamiag and problem solving for at least 
t.iX reason* , lirst, a thorough understanding of these effects may 
make it possible to assign Sa ox differing ability to optimal instruc- 
tional methods (Cronbachj 1367) .. Second, the process of acquiring cogni 
rive structure can be analysed in terms of the skills that are mcro 
or .less relevant to success under different instructional methods. In 



this case, aptitude becomes a theoretical process variable (Melton, 
1367). Third, the characteristics of cognitive structure acquired by 
different instructional groups can be inferred from group differences 
in terminal performance {Mayor £ Greeno, in press). 

Two experiments were performed to investigate the affects of 
aptitude and. instructional method on learning concepts of probability* 

Experiment I 

Learning by discovery and learning by rule are contrasting ins true 
tional methods that appear important for applications and promising for 
analysis of process and structural distinctions. These methods have, 

:.n one form or another, been the focus of much research (Ausubel, 1961; 
Bruner, 1961; Corman, 1357; Gagnd S Brown, 1961; Guthrie, 1968; Kitt«X, 
1957; Shulmoa, 1970; TaHmadge, 1963; Vittrodc, 1963). VThil^ studies 
have come to contradictory conclusions about the superiority of a 
discovery-type or a rule-type instructional method, there appears tc be 
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a consensus m the fundamental difference between learning by discovery 
and learning by rule. Subjects .learning by discovery proceed by solving 
problems and generalising with very little initial information . The 



task of the ruler learner is to interpret initial information and apply 
it to problems. Other differences between the methods are probably not 
as essential, 

A simple hypothesis suggests that skills involved in solving 
problems and generalizing are more important to success in learning 



by discovery thau in learning by rule. This idea leads to the expecta* 
t;-.on of an ATI such that the skills of Ss learning by discovery should 
be strongly related to their performance while the skills of g 3 learning 
by r-dle should be less strongly related to performance . 



Available evidence appears to discredit 



this hypothesis. 



Tallmadge 



(196$) and German (195V) found no reliable ATI for groups of varying 



ability learning by a discovexy-type or a rule-type method. These 
studies used scores on tests of general ability as measures of aptitude. 
Recently Bracht (1970) surveyed ATX literature, and reported that a 
disordinal ATI is mors likely to be found if the tests of ability are 
specific to the learning task, Thus, the lade of evidence may be due 
to the use of teats of general ability. Moreover* an ATI found with a 



general aptitude would yield very little information about the processes 
of learning. The first experiment was performed in an attempt to achieve 
liable ATIs in the expected direction t as well as to analyze the 
processes involved in learning by discovery and learning by rule. 

Method 

»—> ■* «I H. < M . 

Hat.riala — SubjacM wn taught how to soiv. prohlono Involving 
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binomial potability by 000 of two different programmed texts. The 
text * instructed by parsing an instructional binomial problem 
into a hierarchy of components. This instructional problem required 
finding the probability of three successes in five trials of rolling 
a die. Subjects advanced through the text by solving multiple 



choice problems concerning each component of the problem. The sequence 
is presented schematically in Fig. 1 where components are represented 



by their symbols in the formula. A correct answer allowed S to bypass 



lower level instruction on that particular* component (Campbell, 1983), 
while an incorrect answer sent £ into a remedial loop. Once the entire 
instructional problem was solved, had to successively solve three 
criterion problems that changed the values of the instructional problem. 



Sub;} « 



cts learning by rule were given the binomial foxrauia 



and rele- 



vant definitions 



on the first page of the tejct , 



Thereafter, all questions 



and instruction were phrased in terms of th© formula. Subjects learning 
by discovery were asked the same questions at each stage of the hierarchy 
as Ss learning by rule. However, the questions for the discovery group 
vrere phrased in ordinary English, as nontecbnically as possible. For 

v 

example, Ss learning by rule were asked to find the value of p r * q n ~ r 
at the same point in the instructional sequence that Ss learning by 



Insert Figure 1 about here 

tLsoovory were asked to find the probability of a particular sequence 
of rolls . Definitions and notation for the variables were introduced 
to discovery Ss only after they had solved various parts of the in- 
structional problem. Using the notation, Sb generalised their solutions 
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obtain parts of the* formula, discovery Ss never sew the entire 

oinomial formula at once. Sequencing in the discovery and rule texts 
was identical, 

feta «« Tests of three abilities specific to binomial 
probability wei'e administered* A test of probabilistic concepts con*, 
sxsted of 14 multiple choice questions concerning Identification of 
the probabilities of single events 5 joint events, the non occurrence of 
events , the occurrence of either of two events, and the occurrence of 
simple sequencer, of events . A second, test measured skill in the 
arithmetic operations necessary for calculating binomial probabilities* 
Eight problems were given involving computation of factorials, addition 
of fractions, and exponentiation of fractions. The third test was adapted 
from Leskov 6 Smock <19‘» ) • Subjects were asked to write out as many* 
o* the permutations of the digits 1234 as they could according to a plan 
that would exhaust all possibilities without repeating any. Scores were 
based on how closely S approximated one of two strategies: (1) holding 
initial digits constant and changing digits on the right, or <2) rotating 
the preceding permutation. The relevance of the first two tests to 
binomial probability is obvious. With regard to the permutations test, 
Piaget u Inhelder ( 1951) have 'hypothesised that a prerequisite for 
understanding probability is the ability to deal systematically with a 
set of possibilities „ In discovering pxxjbabilistic concepts, the ability 
to count the elements of an outcome space seems especially important. 

To obtain measures of general ability, Sa were asked to report their 
scores on the Mathematical Scholastic Aptitude Test* (MSA?) • 

PjSSSiSS. “ Subjects were given the pretests and then the pregnamed 

■is 
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toxt'3 wore handed out at random* When completed tbs programmed booklet 

* 

he was given a 5-min break before beginning the postvest* The posttest 
consisted of ten binomial questions involving different situations . 

Subject s' A total of 57 $s (male and female) from the University 
of Michigan paid subject pool participated in the experiment* 29 in the 
discovery group and 23 in the z-ulct group. Up to five 5s served in each 
experimental session . 

?£ I^£?i2£ — Fqv «*«** £ three measures of learning were 
obtained: the number of errors made in answering the multiple choice 
problems in the programmed text,, the 'amount of time taker, to complete 
the instructional sequence correctly, and the proportion of errors 
made on the post tost , 

Results 

wmiiw owomw 

Scores on the permutations test did not account for a significant 
portion of variance for* any of the three measures of learning. This test 

j 

was excluded frcca further analyses. For the remaining three abilities, 

Ss wore divided into three groups approximately equal in siae on the basis 
of each teat score. 

Of the S7 S:s 43 provided their MSAT scores. The range was 4.19 to 
774* how scoring (< 599; a 5, W R « 8), Intermediate (600 to 699; 

^j) 3 M[| s 8)» and High scoring (s^ 700; » 9, N R = 5) were formed. 

The first column of Fijj* 2 shows the relationship between MSAT scores 
and the three measures of learning. 

Insert Figure 2 about here 
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Scores for the 57 Ss on the 14 item test of probabilistic concepts 

«, • 

yielded a range of 5 to 14 correct* how scoring («_ 10 correct; HL - 10, 

% 

Np ~ 6 ), Intermediate (11 or 12 correct; * 8 , N, } ~ 10), and High 
scoring (13 or 14 correct; H- a 11, Kp » 12) groups were fonaed. The 
middle column of Fig* 2 shows the res wits of the concepts grouping 

for all Ss» ' 

•»> 

Arithmetic operations scores ranged frota.O to 8 . The sample was 
divided into Low scoring {<4 corract; s S, ^ s 8 ), Intermediate 
(5 1 corx’ect; a n s » 7 ), and High scoring (8 correct; a 12 , 

Ng » 13) groups* The third column of Fig. 2 shows the results when skill 
with arithmetic operations was used as the ability criterion. 

1 

Table i gives the results of analyses of variance for the various 
combinations of ability criteria and measures of learning. 

Insert Table 1 -about here 

4*>«»«u*r.-'?i«aMh«tJ«9U »t«r. »at«M -Marti i9<k ■wm'Mtm* » 

Discussion 

Several sets of findings as\s of psychological interest. First, 
consider overall, differences due to instructional method. Subjects 
committed more errors in .learning by discovery than in learning by 
rule. This difference is a s traigh t forward result of the difference 
in methods, since the discovery method required Ss to first solve 

problems then infer principles from the problems. However, there was 
not a reliable differonoe between the two methods in time spent in 

learning. Thin finding suggests that there was not a substantial dif«* 

. fe rence in the overall difficulty of the two teaching programs. The lack 
of a main effect due to method on the posttest suggests that there was 
no reliable difference in tjhe effectiveness of instruction. 
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The differences among ability groups for all analyses ware highly 

i 

uigni.fi cant (p_ < .01). Ir. ever}*’ case, th« groups scoring higher on 
the test of &lHty. perforated better on the measures of learning* 

Thus the tests of concepts and arithmetic operations as well as the 
MS*T measured cfearactoricticai relevant to the learning task. 

The main point of the tuqpex&Mnt was to tost the hypothesis thai 
skills involved in solving problem -and generalising are avorp. impor- 
tant to success in Is -arming by discovery than in learning by rulo . 
Reliable ATXs wars obtained in seven of the nine analyses, all in the 
expected i&ruction.' Thug; the hypothesis was supported. ’ 

Specifically, from the graphs of errors in learning in Fig. 2, 

•» 

it is apparent that all three groups of Ss learning by rule made few 
errors, but groups of Sa learning by discovery were systematically 
ordered. The abler discovery Ss made fewest errors while the inter- 
mediate and low ability groups made progressively more errors. Yh© 
same general pattern of results wm obtained in analyses of tim® spent 
in learning. 

Finally, consider the ATI on the posttest. Consistent with Coman 
(1957) and Tallmadg® (!9£8) 0 there vras no evidence of an interaction 
between instructional method and general .ability as measured by the 
KSAT. However, interactions were found between the methods used and 
the tests that measured abilities specifically involved in the learning 
task. The effect was at least marginally significant for both the test 
ox concepts and the arithmetic test. 

Knowledge of probabilistic concepts and arithmetic operations was 
more important to success iv* learning by this version of discovery than 

8 
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this version of rule. 



To that extent there is some clue as to tho dif- 



* * 

fe Fence between the process of learning by discovery and tho process 



oz learning by rule. If acquisition of concepts by discovery involves 
more problem solving and generalising activity than does learning by 
rule* it would be expected that the learning outcomes produced by the 
two methods might differ. Since the set of problems on tho posttest 
was not generated in any systematic fashion, little can be said concern- 
ing the characteristics of the cognitive structure produced by each 



method of instruction. 



A second experiment was prarforsaad to replicate the obtained ATIs 
and to extend understanding of what is acquired under* each type of 
instruction by means of a systematic transfer analysis. 

Experiment II 

Katana (19 found that meaningful learning allows Ss to solve 
problems in a variety of eircUKfitfflacss v If Ss discovered the principle 
of solving a set of problems, they performed better on teats of long- 
term retention and transfer than Ss who had memorized and practiced a 

y 

rule for solving the problems. On the other hand, when tested imme- 
diately on problems very similar to the instructional materials, Ss 
who had learned by memorizing and drill performed better. 

Other reported differences in retention and transfer between Ss 
learning by discovery or learning by rule have been inconsistent (a.g», 

Kittel, 1957; Guthrie, 1960; Hittroc k, 1963). The diversity of 
% 

resiats is probably due in part to t be diversity of instructional materials 

. *•« .. 

; ■ * 

and instructional metheda. 

In one study that used instructional materials and methods similar 



to those in the present study, Gagnd and Brown (1961) gave three groups 

i ■ * 

of Ss programmed instruction in the summation of algebraic series . The 
groups of interest were the inule -example group and the guided discovery 
groups which roughly correspond to the rule and discovery groups in the 
present study* While all three instructional methods produced savings 
in time spent in relearning (a measure of retention), the guided 
discovery group showed the highest proficiency in solving problems on a 
posttest (a measure of transfer). 

Results of Experiment I indicate d that there was no overall dif- 
ference between the discovery and ry*le groups in number of problems 
solved on the posttest. Since a ratiher haphazard selection of problems 
was used, the discovery method a&ght have produced better performance 
on some types of problems with the x?ule method prdducing better per- 
formance on other /types of problems , 

Kow wight Instructional method affect performance on various 
typGS of problems? The answer deponds on the characteristics of the 

cognitive structure produced by eat sh instructional method. One hypothe- 

‘ • 

sis is that the problem solving anc 5 generalising activity required of 
Ss learning by discovery produces j greater integration of new information 
into existing cognitive structure. Because Ss learning by discovery 
think about and solve problems baft ore being given an algorithm, they 
understand the material in a more fc meaningful way (Katona, 1940) than 
Ss learning by rule. Subjects leai wing by discovery thus acquire new 
structural links b a twees concepts .• already known 3 rather then first repr© 
senting concepts by notation and th m memorising relations among coded 
variables ... 



If this hypothesis were true, then the difference in performance 

• • 

between fairly direct problems and problems requiring interpretation 
(in the sense of relating what was known previously to the principle 
recently learned) should be greater for Ss learning by rule than for 
Ss learning by discovery. Specifically, on posttest problems that are 
posed in terns of components of the formula, performance of Ss learning 
by rule should b*> relatively better than on word problems because word 
problems require more interpretation . Moreover, on problems on the 
posttest that can bo solved by directly applying th« rule, Ss learning 
by rule should perform relatively better than on problems that must 
first be transformed to apply the rule, or that cannot be solved by 
using the rule „ If the structure acquired by Ss learning by discovery 

H * 

is well integrated then the performance of those Ss on a posttest should 
be less affected by changes in the amount of interpretation necessary. 
Method 

WMMUWIMW f 

Materials »<■ Subjects were taught how to solve problems involving 
joint probability (e.g., finding the probability of % a particular 
sequence of successes and failures) by means of programmed instruction 
similar to the first half of the texts used In Experiment I, The 
instructional procedures differed from those in the first experiment 
in several important ways. First, a Cemputer Assisted Instruction (CAI) 
system was used instead of a programmed text. Subjects sat in booths 
equipped with keybosrds and display screens and responded to questions 
by typing in answers. Second, Ss had to calculate and enter numerical 
answers rather than choose among a set of possible responses. Third, 
at all times Ss had several option# available. Subjects could always 



-’eturni to a frame that summarised the instructional problem; they could 
at any time get out of an instructional loop and attempt to solve the 
instructional problem; they could use a programmed arithmetic calculator 
for any difficult computations. Additionally, Ss learning by rule 
could return to a frame defining all the variables at any time. Finally, 
Ss learning by discovery were not exposed to the formula or definitions 
until the second. day of the experiment. 

iSSSL ?ests were again given in conceptual, arithmetic, 

_ ezi ^ permutation skills , but each test was naodifled lioa&awfoat from the 

first experiment. The tast of probabilistic concepts consisted of eight 

questions concerning identification of the probability of single events, 

occurrence of either of two events, ©ceucrrance of joint events, and 

nenoeeumnoe of events; The test of arithmetic operations consisted 

ox eight problems involving addition, subtraction, multiplication, and 

exponentiation of fractions. The pemtfration task was changed so that 

«* 

after S typed in a permutation, his display screen was ©rased, leaving 
only the last acceptable permutation he wrote. This procedure is m»re 
similar to that used by Mkew ft Smock OS?0) . Permutations were scored 
for the strategy of holding digits constant from tho left. MSAT scores 
were again obtained aa measures of general mathematical ability. 

fete — °a the first day of the experiment, Ss were randomly 
assigned to the discovery or rule group. They then received instruction 

tlm ' lm of th ® CAX *V»ip®ant. and wore given ability test® followed 
by the Instructional, problem which concerned finding the probability 

of a particular sequence of successes and failures in rolling a die. Sub- 

f 

jfcwt.. Pe.tiroQd 24 hour, lota* again had to solvit tho lostTuctioaol 

12 
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problem . Scores on solving the instructional problem were used to 

$ 

measure retention. Following the instructional problem, all Ss had to 
write out the formula for joint probability, p r ft q"- r , onse correctly. 

AftfiWswg by discovery, this task required inferring tho formula 
from their solution of the irmructional problem. For Ss learning 
oy rule p the task singly required giving th® formula from memory as it 
had already tan presented, (him So wrote out the formula correctly, 

they wont on to the set of criterion problems * The poettost issue diateiy 
followed the last criterion problem*' 

1 l 5SSiSl ~ »« post test consisted of U problems, three 

of each of si* typos in a 2x3 design. The first factor was problem- 
context . Half the problems were word problems, half ware posed in 
terms of the components of the formula. The second factor was problem- 
type and involved the amount of transformation necessary before the 
’Joint probability formula could be applied. Familiar problems were 
l similar to the instructional and criterion preform®, in that all values 

i* 

l necessary, to solving the joint, probability formula mi* explicitly stated 

[' »d the fbrauxa could b, directly applied to obtai, , solution. Transformed 

( problem did aot state all values of th, fbreula explicitly. Instead. 

l the ~ wss re ^ uirQd B'Qwe of them by sirapls calculation. Th* 

\ th£j?d wa * a Luchina problem (Luchins, m2 ) . 

| Tll ® 8<2 ******* ** ***f aolut Sooa, but mv* not solvable by direct 

j application of the rule learned. An example of each of the six types of 

| £s given 2. Tne prcblems were randomized at the start 

i * 

j of each session, 

f . » 

| insert Table 2 about here 
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A total of 72 Ss (male and female) from the University of 

Michigan paid subject pool participated in the experiment t 3$ in each in- 

» • 

structional group. The CAX system was sat up to handle up to five Ss 
in a single session. 

St lOSESSSSL - Fop «ach S separate scores were obtained for 
errors made on questions in the progressed instruction and time spent la 

; learning on each part of th* instructional sequence. These scores were 

» 

• later summed to yield ©verslX measures of rm and time in ienra iag* 

* 

I ro,? P TObl41KS oa the Pattest, the overall proportion of errors made and 

: tbe spent in solving each problem ««re obtained for each S. 

1 * # 

Results 

1 * 
i 

I Analysis of the relearning concerned comparing the errors and time to 

solve the instructional problem on the first and second day. Table 3 shows’ 
I that - s either by discovery or by rule solved the instructional 

i 

| problem on the second day in less time .and with fewer errors than on the 

j firat day ° Since 60 ^ £ 8 mdQ «rrors at &U on the second presents- 

| Insert Table 3 about here 

4i # 

| tion th ® problem, the partial errors and time scores were 

j; not analysed for effects of ability. Instead, scores on the instructional 

?; 

| problem for the first and second days were combined with owors and time 

I takan t0 * iT « tb « fwaala and oolva the criterion problems. These «■■ — ^ 

If. 

| SC ® M3 of tlm ^ OTOOT8 were used in all farther analyses of learning. 

| Scores on tha test of arithmetic operations were not strongly related 

[ *o any of the measures of learning. The test was excluded from farther 

| ’ anaiyees- °» «be basis of each of the remaining three abilities, Ss were 

divided into thro© groups of approximately equal size. 

14 
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Insert Figure 3 about here 



Sooru* for tto f'«tofy of fonorotfo. f.ooocovioo, t r ^ oooOn- of 
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score possible. Groups of Low (< 11* » - 19 M 
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Insert Table 4 about here 
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•instructional method and aptitude level were between subject variables , and 
those results are incorporated in Fig. 3 and Table 4. ‘ Probloo-centftxt and 



Insert Figure 4 about hex*© 









problem-type were wi thin-subject variables. As analyses of the post test 
data for* all three abilities followed the same general pattern, a weighting 
system was devised m that each ©scar-e (concepts, permutations* hsaT) con- 
tributed about equally to the variate of a weighted abilities score. 

Weighted Score ® Concepts Score •*• • Permutation Score -f» {jSAT « The full 

5 44 

analysis based on the weighted abilities score is given in Table 5. 



Insert TabX® 5 about hex*® 

rn miav* ft* *V «M»«» «* w n>«|»uaw *» «M •» «* *»«• no 



Discussion 

«* !* »■ »'«■« w . M imnw ww « 



Oil© goal Of studying aptitude woA instructional variables is to ba 
able to assign S© of varying ability to optimal instructional jaathoda. 

The present results suggest that So lacking in skills necessary to 
«olv« problems may learn more efficiently when instructed by techniques 
requiring interpretation and application of a rul®. By every measure, 

Ss low in reinvent abilities performed better when instructed by the rule 
method. That th«* rule method used in this study was not inherently better 
can be inferred fvos a two results found in Experiment I and replicated in 
Experiment 12. First, while Ss learning by discovery did generally make 
raors errors on the teaching program, they still managed to learn the 

material in about the same amount of time m Se learning by rul®. Results 

* 

ia Table 3 indicate that Stt learning by discovery did not made more errors 

•a 
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op take as onteh time as Ss learning ?jy rule in solving 

% 



pmb leo. The entra tine and errors were incurred when 
had to infer the formula and th«.ir solutions and apply 



the instructional 
discovery £s 



it to the criterion 



problem. Second, there was little difference between instructional groups 
~ a porfoyttanos on th$ posttest. The apparent method aain effect in 

the -analyses in Tables end S was largely due to the simple effect of 
method for low-ability Ss„ 



A second goal of the present study was to describe the differences 
in the process of acquiring cognitive structure by discovciy and rule* 

I 

The fact that real differences ejdst was supported again in Experiment n 
where reliable ATIs were obtained in six of the nine tests, all in the 
expected direction. In Exper ."uaant .t the dia cov<£ry method required the 
availability of relevant probabilistic concepts end computational skills 
to a greater degree than the rule method. la Experiment XX where Ss 
•were given arithmetic calculators, computational skill was unrelated to 
performance 0 but the discovery method required conceptual ability ar»d the 

ability to solve problems in a systematic way to a greater degra© than 

• $ 

the rul® method. 



Analysis of the diffarmcos in the process of acquiring cognitive 

% 

structure might begin by identifying the component processus involved 
in learning undo# each method. First 0 consider thta rule method. To 
solve parts of the instructional problem, a subject might carry out the 
following steps, not necessarily is & serial fashion, 

1. Read the problem t east* • 

17 
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2. Select in formation fro ist the text pertaining to the values of 
relevant variable**, and co-ordinate this information to the coded 
representations of variables ' in aiarcory « For example , fvosn the phrase, 
“the chances of success© wer© 1/4, w could extract information in th® 

form, "p » .2S‘% 

3c Select a rule or formula for using the variables who 3 © values 
have been taken from the text. This might be looked up in available 

a 

infarction ft or retrieved frogs aesaory. 

4. Perform any transformations needed to make the rule applicable 
to the information . 

5. Calculate the answer. 

Since the- lemming by rule did not greatly involve conceptual ‘ 

• * '* 

and other skills * .individual difference© in these skills ware not 
associated with differences in performance ■» On the ether hend a a 
measure of working mmory, for example the ability to memorize , transform 

i 

£ and apply formulas v might be related to success in learning by rule. 

i" » 

p How consider the discovery method. In the discovery zaathod, Sa 

£ had to solve ths instructional problem without first being given, an 

j : algorithm. A discovery 8 might earny out tbs following ©tops 2 

r * 

L 1* Read the problem text. 

| 2, Interpret th® information in the problem in relation to 

i 

I* 

j ©ccicept© that are understood. The discovery method did not provide 

a wall-specified list of variables as did the mlo method. Ilwrefore, 

j 

j interpretation of information in the discovery oothed probably had more 

I 

l: 
r 

f 

S' 

f) 

{'. ' 
t; 

>./' 

o 
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of the properties of und© rs tending a sentence than in the rule method, 
and less of the character o.f filling in values of variables in a list* 

3. Search for or systematically generate relationships among 
concent® used in the probla », particularly relationships that seem to 
move in th© direction of relating the given information with the 
unknown . This is the kind of process that has bean investigated in 
classical studies of problem solving ouch as those of Duncker < it: 45) # 
folya (1955), and Verthoimer (19S9). Subjects nl&t find relationships 
that involved their understanding ©f th® concapta In the pj •oblem, or 
they might apply a im» gsn«ral relational structure that fit the needs 
of the problem, or they might find a set of concepts in memory whose 
relationships s em to provide a© analogy to the situation in the problem, 

4* Carry out any calculations needed to obtain the answer. This 
process may wall entail a great deal of computational ability, since 

no algorithm is proseat to relate specified variables and operations in a 
compact way. 

Since -the process of learning by discovery requires conceptual, 

*■ ratasiatizing and other skills * individual differences in these* skills 
led to similar differanoss in performance. 

Given these distinctions 3a the process of acquisition, it follows 

* 

that there are dif&xanoas ia th® learning outec®ea of the two iastnietidoal 
groups . The results pertinant to this question involve the inter &6tiost8 
of method and the two transfer variable® appearing in Table 5 and graphed, 
in Fig. 4. Both two-way interactions involving instructional method 



and transfer* were at least marginally significant. While the overall 
performance of Ss learning by discovery is depressed because of the 
low ability group * Ss learning by rule showed a much greater decrement 
in performance on problems requiring mere interpretation • * The 
difference between percentage of formula and word problems solved was 
13% for the rula group ccmparad to 3% for the discovery group. Dif- 
ferences between Familiar and Luchins problems solved correctly were 
22% for the nil© group and 9% for tb« discovery group. These trends 
ware present at all ability lewis* although the curves for the two 
instructional methods crossed only in the high and intermediate 
ability groups. The average tiae taken to solve the six types of 

9 V 

problems, given a correct solution* was also computed for wadi 
instructional group. These results are difficult to analyse because of 
missing data* but in general show th© same method-transfer interactions. 

These data indicate that the result of learning by discovery is a 
well integrated cognitive structure. Subjects can solve problems that 
require relating what they knew previously to.tb© principle learned 
about, as well as problems that require dix^efc application of the princi- 

t 

pl«. This feature of cognitive structure has be® n termed "external 
connectedness” and w m found -to be characteristic of Ss who learned 

about binomial probability under instruction emphasising generic ooBCspte 

* 

rather than a formula (Jf&yar $ <&««»©* Sx* press). Thus th^re it so m 
support for the claim (Sagn<t 9 1965) that meaningful ccaswiptual 2a arcing 
and. the discovery and generalisation of a principle result in dbout -dw 



same cu teens* 
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The result of learning by rule is primarily the addition of new 
components to cognitive structure rather than the reorganization of 
existing components. These new components include a list of defined 
variables and the sequence of operations relating then. The new compo- 
nents may in fact have a great degree of ’’internal camectedneaa” as 
shown by the advantage of Sa learning by rule on Familiar problems 
and problems posed in the context of the formula* However* tine fact 
that the advantage in lost whan the problems require more interpreta- 
tion shows that the new structural components added by rule Ss were not 
well integrated into existing cognitive structure, A test of long-term 
retention should* if this explanation is correct* show that the dia- 
covery Ss retained more information. The test of. relearning after 24 
hours used in the present study merely demonstrated that neither group 
had forgotten much instruction during that time, 

A final set of conclusions concern procedures involved in 
studying aptitude and instructional variables. With regard to aptitude 
tests, a choice mbs obviously made in the present study for simplicity 
over psychometric elegance. On© valid criticism is that the unrelia- 
bility of the measuring instruments may have influenced the results. 

Xt is not known* for example* whether the failure of the test of arith- 
metic . operations in the second experiment was due to allowing Ss to use 
calculators or the unreliability of the test, However* the degree of 
replication that was found between the two experiments regarding the 

concepts test makes this possibility less likely. The usefulness of 

$ 4 - • " •* 

* $ w 

• * * e , 

* *• # • ; • ! * 
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a general ability criterion in studies of ATI is still in question* 

% • • 

The fact that, the general ability measure produced a reliable ATI on tho 
posttest in the second but not in the first exporir/ient suggests that its 
utility may be linked to the instructional material. In any case there 
is a tradeoff between the reliability offered by established teats of 
general ability, and the information concerning processes of acquisition 
afforded by tests specially constructed for experimental materials 
and instructional methods. 

An unexpected result was the significant two-way interaction of 

ability and problem-type, and the three-way interaction of ability, 

problem-type and problem- context found in the analysis using the 

weighted average of ability test scores. Graphing these data revealed 

that the weighted score was most strongly related to performance on 

Luchins problems, particularly when posed in a formula context. Thus 

tho weighted average of abilities was a particularly strong measure of 

* 

ho v/ easily Ss could manipulate the newly learned components of the 
formula independently of the rule usually relating them. 
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Tabic 1 



Test Statistics in Analyses of Variance for Experiment 1 



Measure of 


Test of 


Ability 


Method 


Interaction 


Learning 


Ability 


Main Effect 


Main Effect 


Effect (ATI) 




Arithmetic 






F(2 0 51)®U.99*** 


Errors in 


Naming 


Concepts 


r(2 s 51)s{5o37*** 

•rw» 


F(X t Sl>»l*fr.77*** 


FC2,51)»1.33 


■ 


MSAT 


. F{2,37}»8;27*** 


Fa 8 37)»10.S7*A* 

«-o 


F(2,37>«$.63*** 




Arithmetic 


F(2 9 $l)s7.87*i** 


FU,51>*1.59 


F(2,$X)»3.7S** 


Time ia 




Cencapt 


F<2;51>«7.18**A 


F(1»S1)«1.S9 


F{2,51>»4*37*** 


Learning 




MSAT 


F(2 # 37)«19o99*** F(2,3?> •< 1.00 


F(2,37)«5.4**** 


Errors on 


Arithmetic 


F{2 S 51)*6 .970** 


F(l,51> < 1.00 


F(2 s 5i)*3.1?,*^ 




Concept: 


F( 2 ,51) *6. 39*** 


FU,S1) < 1,00 


F(2»S.l)®3 .72** 


Post test 




MSAT 


F<2,3'7)«5.56*** 


F(l,3?) < 1.00 


F{2,3?) < 1.00 



***p < oQ.l 

**P < .05 

*,io > p > .os 
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Table 2 



Examples of the Six Types of Questions Used in Experiment II 

Word Question© 

rmili ar: A die has five spots on ooa of its six sides, and other 
numbers on the other sides* If you roll, it ten time©, 
what is the probability of getting three fives followed 
by seven other number®? 

AVansformsd: If you bat oa 2 of 38 numbers in a game of roulette, you 

win only if ewe of those numbers is rolled* If you sudce such 
& bet, what is the probability of winning on the first two 
rolls and losing on the next three? 

Iiii chins: You play a game five tiiaes in which the probability of winning 

eeoh time is ,17, end the probability of winning three games 
our. of five is .32. What is the total number of successes 
plus th© total number of failures? 

Formula Questions 

familiar: R*2» K«Rs4, P»I/5, Q«4/S . Wh&t in the joint probabili fcy? 

Trans formed: ^ 3 ?> R-2, P s «31» What is the joint probability? 

Luchins* Joint Probability * 15/128# N»5, P«.2$# Qs.75, What &?■ the 
value *f r «j» 
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Table 3 



Coc.jr.j&i’ison of Kean Humber of Error* and Tirae to Solve 
Instructional ?rob.le»i on First and Second Day 



Cjrou^ 


Measure 

MMt WMWWXM* 


First Day 


Second Day 


F 


Dia covary 


Errors 


3.6 


0.6 


14.92*** 


Rule; 


Errors 


3.1 


0.3 


18.54*** 


Discovery 


Ti®& (ain) 


• 6.3 . . 


1,8 


25.5 i*** 


Rule 


Tim (win) 


n.e , 


2,7 


61.28*** 
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Table 4 



Measure of 
Learning 

Errors in 
Learning 

TLm& in 
LttaKtiwg 

Errors on 
osttes-t 



Tests Statistics in Analyses of Variance for Experiment II 



‘fast of 


Ability 


Method 


Interaction 


Ability 


Main Effect 


Main Effect 


Effect (ATI) 


Perrout 0 


f(2,66)=iq.9o*** 


FU ,66)= 8.06*** 


F<2,66)*1.56 


Concept 


f( 2, 66) =15.26*** 


F( 1,66) =9. 18*** 


F(2,66)=3 .54** 


MSAT 


F<2,59)»7.8Q*** 


F{1.59)=6.24** 


F( 2 jiSQ) 25 ® <28^“^ 


Persut <, * 


F(2 f 66)a®.57««* 


F(l,66)=1.17 


F(2,66) < 1.70 


Concept 


F(2,86)=7.69*** 


F(l # 66)»l.a5 


F{2,68> < 1,00 


MSAT 


F{2 e S9)=5.02*a* 


FU,S$)=1.22 


F(2,59)«3.3S^ 


Pernatf; „• 


F{ 2, 66 >=9.03*** 


F(X ft 88)»3.7S* 


F(2 t 66)=3„23** 


Concept 


. FC2 t 66)Bl7.76***; 


F<I,66)*4.47ft* 


F(2„6S)=4.04** 


MSAT. ’ 


F(2,59)»8.90*** 


FU»59)»1.44 \ • 


F(2,S9)=3.28** 



***p « ,01 ! 

**p < „os 

* 

»ao * p > .os 
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% 

Analysis of Posttest Scores for Weighted Abilities Grouping 



Source 


SS 


df 


HS 


F 


As Ability 


85.43 


2 


44.72 


31.94*** 


Bs Method 


7 o78 

4 


1 


7.78 


5.56** 


A a 3 


8.92 


2 


4,46 


3.19** 


Error (a) 


92,30 


66 


1.40 • 




Cs Problem “Con text 


5.79 


• • 1 


, 5,79 


8.98*** 


Dj Probless«^pe 


19.09 


2 


9,54 


• 16 ,4S*** 


AsC • ' 


1.03 


2 


.52 


.90 


A x 8 


7.3$ 


4 


, • r 2.00 


3 .45** 


BsC ‘ 


. 3.34 


1 


T : 3.34 . 

1 . * 


5.78** 


B x » 


3 .34 


# 

2 • 


** '\s 

1.67 


2.88* 


C a D 


7.03 


2 


• • 3.52 


6.07*** 


A x B x C 


' .1.27’ 


2 


.64 


1.10 


A x 3 x 0 


.0© 


4 


.00 


,00 


A x C x D 


13.75 

•. .• t 


4 


'3.44 


5.93*** 


8 a C a 8. « : 


2.87 


' 


1*28 ' 


2 .,21 


A x B x C x D 


3 .51 


4 


.88 


1.52 


Error (b) 


191.97 . 


3S0 >; 


' .58 


• 


Total 


458.10 


431 




. 



***? < .01 

**p < .OS 

*ol0 > p > .05 
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Figure Captions 



Fig, 1 Schematic representation of instructional sequence. 

Fig. 2 Measures of learning as functions of ability grouping in 
Experiment I. 

Fig. 3 Measures of learning as functions of ability grouping in 
Experiment II. 

\ 

Fig. 4 Plots of method * context interaction (top graph) and method w 
test item type interaction (lower graph). 
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Footnote. 



Thia wasaecb »as supported i n ps*t tfea 0. 8. Office of Education 
Cyc*ant Ko* OK<5~0«’9-S20447* 4J.S*f , Thit resoasitifc was carried out during 
the- $ivs\> autdMJV*# v.seju! , & f® ^ S^i^nc* Foundation Siwiv/ate 

lai.\c4?<- Vte 4?.cJ<nowXedg / i tfoa ngaiastsaco of Ciix i^tisva Schaffwsn in 
conducting tha a^pttrfswarSB* 



